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DESCRIPTION 

STRAIN GAUGE TYPE SENSOR AND STRAIN GAUGE TYPE SENSOR 

UNIT USING IT 

Technical Field 
[0001] 

The present invention relates to a strain gauge 
type sensor capable of measuring at least one of 
multiaxial force, moment, acceleration, and angular 
acceleration, externally applied; and also to a strain 
gauge type sensor unit using the sensor. 

Background Art 
[0002] 

As a strain gauge type sensor known is a device in 
which a force or moment is detected by using a 
semiconductor single crystal substrate. As shown in FIGS. 
16 and 17, Patent Document 1 discloses a strain gauge 
type sensor 500 including a strain generation body 510 
made up of a substantially columnar force receiving 
portion 511 provided at the center, a fixed portion 512 
provided around the force receiving portion 511, and an 
annular diaphragm portion 513 connecting the force 
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receiving portion 511 and the fixed portion 512 to each 
other; and strain gauges R511 to R534 each made of a 
piezoresist ive element and attached to the strain 
generation body 510. 
[0003] 

The strain gauges R511 to R534 are attached to the 
upper surface of the strain generation body 510. In this 
example, the origin O is defined at the point at which 
the central axis of the force receiving portion 511 
intersects with the upper surface of the strain 
generation body 510. The X- and Y-axes are defined as 
two axes that extend perpendicularly to each other on the 
upper surface of the strain generation body 510 through 
the origin O. In addition, an oblique axis S is defined 
on the upper surface of the strain generation body 510 so 
as to extend through the origin O differently from any of 
the X- and Y-axes. The strain gauges R511 to R534 are 
disposed on the respective axes near the outer and inner 
edges of the diaphragm portion 513. 

[0004] 

In the strain gauge type sensor 500, the strain 
gauges R511 to R534 constitute bridge circuits for 
measuring three-axial forces or moments on the X-, Y-, 
and Z-axes applied to the force receiving portion 511. 
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More specifically, the strain gauges R511 to R514 on the 
X-axis constitute a bridge circuit 521 as shown in FIG. 
18A to obtain a voltage Vx . The strain gauges R521 to 
R524 on the Y-axis constitute a bridge circuit 522 as 
shown in FIG. 18B to obtain a voltage Vy . Further, the 
strain gauges R531 to R534 on the S-axis constitute a 
bridge circuit 523 as shown in FIG. 18C to obtain a 
voltage Vz. By combination of the voltages Vx, Vy, and 
Vz obtained by the bridge circuits 521 to 523, three- 
axial forces or moments on the X-, Y-, and Z-axes applied 
to the force receiving portion 511 can be calculated. 
[0005] 

Patent Document 1: JP-A-4-194634 (FIG. 2; FIG. 3; 
FIG. 7; page 3, lower left column, line 3 to lower right 
column, line 6; and page 4, lower right column, lines 9 
to 15) 

Disclosure of the Invention 
Problem that the Invention is to Solve 
[0006] 

Now will be examined a case wherein an X-axial 
positive force is applied to the force receiving portion 
511 of the strain gauge type sensor 500, as shown in FIG. 
19. In this case, the largest strain epsilon 2 is 
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generated at the inner edge of the diaphragm portion 513 
on the X-axis. Contrastingly, the strain epsilon 1 
generated at the outer edge of the diaphragm portion 513 
on the X-axis is extremely smaller than the strain 
epsilon 2 generated at the inner edge. Here, the 
magnitude of the strain is merely considered without 
distinguishing between the tensile strain and the 
compressive strain . 
[0007] 

Likewise, when a force or moment is applied in 
either direction on any of the three axes of the X-, 
and Z-axes, the strain generated at the outer edge of the 
diaphragm portion 513 on the corresponding axis is 
extremely smaller than the strain generated at the inner 
edge. That is, in the strain gauge type sensor 500, 
while the strain gauges R512, R513, R522, R523, R532, and 
R533 change widely in their resistance values, the strain 
gauges R511, R514, R521, R524, R531, and R534 change 
little in their resistance values. Thus, of four strain 
gauges included in each of the bridge circuits 521, 522, 
and 523, only two strain gauges, that is, R512 and R513 
of the bridge circuit 521, R522 and R523 of the bridge 
circuit 522, and R532 and R533 of the bridge circuit 523, 
change widely in their resistance values. As a result. 



any of the bridge circuits 521, 522, and 523 decreases in 
its output. This brings about a problem of reducing the 
sensitivity of the sensor. 
[0008] 

An object of the present invention is to provide a 
strain gauge type sensor high in sensitivity, and a 
strain gauge type sensor unit using the sensor. 

Means for Solving the Problem and Effect of the Invention 
[0009] 

According to a first aspect of the present 
invention, a strain gauge type sensor is provided wherein 
the sensor comprises a strain generation body comprising 
a force receiving portion to which a force is applied, a 
fixed portion fixed to a supporting body, and an 
interconnecting portion that interconnects the force 
receiving portion and the fixed portion and in which 
strain is generated according to the force applied to the 
force receiving portion; a first strain gauge disposed on 
the interconnecting portion of the strain generation 
body; and a second strain gauge disposed on the 
interconnecting portion at a position nearer to the fixed 
portion than the first strain gauge, and the 
interconnecting portion has a shape such that the 



quantity of strain at the position where the first strain 
gauge is disposed is smaller than the quantity of strain 
at the position where the second strain gauge is disposed, 
when stresses equal in magnitude are applied to the 
position where the first strain gauge is disposed and the 
position where the second strain gauge is disposed. 
[0010] 

According to this aspect, when a force is 
externally applied to the force receiving portion, the 
difference in the quantity of strain in the 
interconnecting portion can be decreased between the 
position where the first strain gauge is disposed and the 
position where the second strain gauge is disposed. 
Therefore, the difference in the quantity of change in 
resistance value can be decreased between the first and 
second strain gauges. Consequently, the force exter.nally 
applied to the strain gauge type sensor can be measured 
with high sensitivity. 

[0011] 

The strain gauge type sensor of the present 
invention may comprise two first strain gauges and two 
second strain gauges, and the first and second strain 
gauges are arranged on a single straight line. 

[0012] 
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According to this feature, a 1-axial force 
externally applied to the force receiving portion can be 
detected by four strain gauges arranged on the single 
straight line. 
[0013] 

The strain gauge type sensor of the present 
invention may comprise six first strain gauges and six 
second strain gauges, and each set of two first strain 
gauges and two second strain gauges are arranged on each 
of three straight lines different from each other. 

.[0014] 

According to this feature, 3-axial forces 
externally applied to the force receiving portion can be 
detected by four strain gauges arranged on each of three 
straight lines different from each other. 
[0015] 

In the strain gauge type sensor of the present 
invention, the force receiving portion may be columnar, 
and each of the fixed portion and the interconnecting 
portion may be annular and disposed concentrically with 
the force receiving portion. 

[0016] 

According to this feature, a force can be applied 
in any direction in a plane parallel to the 



interconnecting portion . 
[0017] 

In the strain gauge type sensor of the present 
invention, the interconnecting portion may comprise a 
first diaphragm on which the first strain gauge is 
disposed; a second diaphragm that is thinner than the 
first diaphragm and on which the second strain gauge is 
disposed; and a connecting portion that is thicker than 
the first diaphragm and connects the first and second 
diaphragms to each other. 

[0018] 

According to this feature, when stresses equal in 
magnitude to each other are applied to the position of 
the first diaphragm where the first strain gauge is 
disposed and the position of the second diaphragm where 
the second strain gauge is disposed, the quantity of 
strain at the position where the first stain gauge is 
disposed is smaller than the quantity of strain at the 
position where the second stain gauge is disposed. 
Therefore, when a force is externally applied to the 
force receiving portion, the difference in the quantity 
of strain in the interconnecting portion can be decreased 
between the position where the first strain gauge is 
disposed and the position where the second strain gauge 
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is disposed. Thus, the difference in the quantity of 
change in resistance value can be decreased between the 
first and second strain gauges. Consequently, the. force 
externally applied to the strain gauge type sensor can be 
measured with high sensitivity. 
[0019] 

In the strain gauge type sensor of the present 
invention, at least one of the difference in thickness 
between the first and second diaphragms and the 
difference in length between the first and second 
diaphragms, may be set such that the quantity of change 
in resistance value of the first strain gauge is 
substantially equal to the quantity of change in 
resistance value of the second strain gauge when a force 
is applied to the force receiving portion. 

[0020] 

According to this feature, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 

[0021] 

In the strain gauge type sensor of the present 
invention, the interconnecting portion may gradually 
decrease in thickness from the position where the first 
strain gauge is disposed, toward the position where the 
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second strain gauge is disposed. 
> [0022] 

According to this feature, when stresses equal in 
magnitude to each other are applied to the position where 
the first strain gauge is disposed and the position where 
the second strain gauge is disposed, the quantity of 
strain at the position where the first stain gauge is 
disposed is smaller than the quantity of strain at the 
position where the second stain gauge is disposed. 
Therefore, when a force is externally applied to the 
force receiving portion, the difference in the quantity 
of strain in the interconnecting portion can be decreased 
between the position where the first strain gauge is 
disposed and the position where the second strain gauge 
is disposed. Thus, the difference in the quantity of 
change in resistance value can be decreased between the 
first and second strain gauges. Consequently, the force 
externally applied to the strain gauge type sensor can be 
measured with high sensitivity. 

[0023] 

In the strain gauge type sensor of the present 
invention, the difference in thickness of the 
interconnecting portion between the position where the 
first strain gauge is disposed and the position where the 
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second strain gauge is disposed, may be set such that the 
quantity of change in resistance value of the first 
strain gauge is substantially equal to the quantity of 
change in resistance value of the second strain gauge 
when a force is applied to the force receiving portion. 
[0024] 

According to this feature, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 

[0025] 

In the strain gauge type sensor of the present 
invention, a connecting portion between the force 
receiving portion and the interconnecting portion may 
have a predetermined curvature, and a connecting portion 
between the fixed portion and the interconnecting portion 
may have a curvature larger than the predetermined 
curvature . 

[0026] 

According to this feature, when stresses equal in 
magnitude to each other are applied to the position where 
the first strain gauge is disposed and the position where 
the second strain gauge is disposed, the quantity of 
strain at the position where the first stain gauge is 
disposed is smaller than the quantity of strain at the 
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position where the second stain gauge is disposed. 
Therefore, when a force is externally applied to the 
force receiving portion, the difference in the quantity 
of strain in the interconnecting portion can be decreased 
between the position where the first strain gauge is 
disposed and the position where the second strain gauge 
is disposed. Thus, the difference in the quantity of 
change in resistance value can be decreased between the 
first and second strain gauges. Consequently, the force 
externally applied to the strain gauge type sensor can be 
measured with high sensitivity. 
[0027] 

In the strain gauge type sensor of the present 
invention, the difference in curvature between the 
connecting portion between the force receiving portion 
and the interconnecting portion and the connecting 
portion between the fixed portion and the interconnecting 
portion, may be set such that the quantity of change in 
resistance value of the first strain gauge is 
substantially equal to the quantity of change in 
resistance value of the second strain gauge when a force 
is applied to the force receiving portion. 

[0028] 

According to this feature, the force externally 
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applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 
[0029] 

According to a second aspect of the present 
invention, a strain gauge type sensor is provided wherein 
the sensor comprises a strain generation body comprising 
a force receiving portion to which a force is applied, a 
fixed portion fixed to a supporting body, and an 
interconnecting portion that interconnects the force 
receiving portion and the fixed portion and in which 
strain is generated according to the force applied to the 
force receiving portion; a first strain gauge disposed on 
the interconnecting portion of the strain generation 
body; and a second strain gauge disposed on the 
interconnecting portion at a position nearer to the fixed 
portion than the first strain gauge, and the first strain 
gauge is shorter than the second strain gauge. 
[0030] 

According to this aspect, when a force is 
externally applied to the force receiving portion, the 
difference in the quantity of change in resistance value 
can be decreased between the first and second strain 
gauges. Consequently, the force externally applied to 
the strain gauge type sensor can be measured with high 
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sensitivity , 
[0031] 

In the strain gauge type sensor of the present 
invention, the difference in length between the first and 
second strain gauges may be set such that the quantity of 
change in resistance value of the first strain gauge is 
substantially equal to the quantity of change in 
resistance value of the second strain gauge when a force 
is applied to the force receiving portion. 

[0032] 

According to this feature, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 

[0033] 

According to a third aspect of the present 
invention, a strain gauge type sensor is provided wherein 
the sensor comprises a strain generation body comprising 
a force receiving portion to which a force is applied, a 
fixed portion fixed to a supporting body, and an 
interconnecting portion that interconnects the force 
receiving portion and the fixed portion and in which 
strain is generated according to the force applied to the 
force receiving portion; a first strain gauge disposed on 
the interconnecting portion of the strain generation 
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body; and a second strain gauge disposed on the 
interconnecting portion at a position nearer to the fixed 
portion than the first strain gauge, the interconnecting 
portion comprises a first diaphragm on which the first 
strain gauge is disposed; a second diaphragm on which the 
second strain gauge is disposed; and a connecting portion 
that connects the first and second diaphragms to each 
other, and at least one of the difference in thickness 
between the first and second diaphragms, the difference 
in length between the first and second diaphragms, and 
the difference in length between the first and second 
strain gauges, is set such that the quantity of change in 
resistance value of the first strain gauge is 
substantially equal to the quantity of change in 
resistance value of the second strain gauge when a force 
is applied to the force receiving portion. 
[0034] 

According to this aspect, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 

[0035] 

According to a fourth aspect of the present 
invention, a strain gauge type sensor is provided wherein 
the sensor comprises a strain generation body comprising 
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a force receiving portion to which a force is applied, a 
fixed portion fixed to a supporting body, and an 
interconnecting portion that interconnects the force 
receiving portion and the fixed portion and in which 
strain is generated according to the force applied to the 
force receiving portion; a first strain gauge disposed on 
the interconnecting portion of the strain generation 
body; and a second strain gauge disposed on the 
interconnecting portion at a position nearer to the fixed 
portion than the first strain gauge, the interconnecting 
portion gradually decreases in thickness from the 
position where the first strain gauge is disposed, toward 
the position where the second strain gauge is disposed, 
and at least one of the difference in thickness of the 
interconnecting portion between the position where the 
first strain gauge is disposed and the position where the 
second strain gauge is disposed, and the difference in 
length between the first and second strain gauges, is set 
such that the quantity of change in resistance value of 
the first strain gauge is substantially equal to the 
quantity of change in resistance value of the second 
strain gauge when a force is applied to the force 
receiving portion . 
[0036] 

- 16- 



According to this aspect, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 
[0037] 

According to a fifth aspect of the present 
invention, a strain gauge type sensor is provided wherein 
the sensor comprises a strain generation body comprising 
a force receiving portion to which a force is applied, a 
fixed portion fixed to a supporting body, and an 
interconnecting portion that interconnects the force 
receiving portion and the fixed portion and in which 
strain is generated according to the force applied to the 
force receiving portion; a first strain gauge disposed on 
the interconnecting portion of the strain generation 
body; and a second strain gauge disposed on the 
interconnecting portion at a position nearer to the fixed 
portion than the first strain gauge, a connecting portion 
between the force receiving portion and the 
interconnecting portion has a predetermined curvature, 
and a connecting portion between the fixed portion and 
the interconnecting portion has a curvature larger than 
the predetermined curvature, and at least one of the 
difference in curvature between the connecting portion 
between the force receiving portion and the 

- 17- 



interconnecting portion and the connecting portion 
between the fixed portion and the interconnecting portion, 
and the difference in length between the first and second 
strain gauges, is set such that the quantity of change in 
resistance value of the first strain gauge is 
substantially equal to the quantity of change in 
resistance value of the second strain gauge when a force 
is applied to the force receiving portion. 
[0038] 

According to this aspect, the force externally 
applied to the strain gauge type sensor can be measured 
with the highest sensitivity. 

[0039] 

In the strain gauge type sensor of the present 
invention, each of the strain gauges is preferably made 
of a piezoresist ive element. 

[0040] 

According to this feature, because the 
piezoresistive element is ten times or more higher in 
gauge factor than a foil strain gauge^ the sensitivity 
can be increased ten times or more in comparison with a 
case of using the foil strain gauge. 
[0041] 

A strain gauge type sensor unit of the present 
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invention comprises a plurality of strain gauge type 
sensors as described above, on a single plane. 
[0042] 

According to this aspect, forces, moments, 
accelerations, angular accelerations, and so on, applied 
to the strain gauge type sensor unit, can be detected 
with high sensitivity- 
[0043] 

In the strain gauge type sensor unit of the present 
invention, the plurality of strain gauge type sensors are 
preferably arranged around a center point at regular 
angular intervals at the same distance from the center 
point . 

[0044] 

According to this feature, forces, moments, 
accelerations, angular accelerations, and so on, applied 
to the strain gauge type sensor unit, can be derived by 
relatively simple calculation from changes in resistance 
value of the strain gauges of the strain gauge type 
sensors . 

[0045] 

In the strain gauge type sensor unit of the present 
invention, the regular angular interval may be 90 degrees. 
[0046] 
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According to this feature, forces, moments, 
accelerations, angular accelerations, and so on, on 
orthogonal two axes, can be calculated very easily. 

[0047] 

In the strain gauge type sensor unit of the present 
invention, the regular angular interval may be 120 
degrees . 

[0048] 

According to this feature, forces, moments, 
accelerations, angular accelerations, and so on, applied 
to the strain gauge type sensor unit, can be derived with 
three strain gauge type sensors. Thus, the strain gauge 
type sensor unit can be simplified in construction. 

Best Form for Carrying Out the Invention 
[0049] 

Hereinafter, preferred embodiments of the present 
invention will be described with reference to drawings. 
[0050] 

First, a strain gauge type sensor 1 according to a 
first embodiment of the present invention will be 
described with reference to FIGS. 1 and 2. 

[0051] 

FIG. 1 is a cross-sectional view of the strain 
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gauge type sensor 1 according to the first embodiment of 
the present invention. The strain gauge type sensor 1 
includes a strain generation body 10 made up of a 
substantially columnar force receiving portion 11 
provided at the center, a fixed portion 12 provided 
around the force receiving portion 11, and a 
substantially annular interconnecting portion 13 
interconnecting a portion near the upper surface of the 
force receiving portion 11 and the fixed portion 12; and 
strain gauges Rll to R34 each made of a piezoresistive 
element and attached to the strain generation body 10. 
The upper surface of the force receiving portion 11 and 
the upper surface of the interconnecting portion 13 are 
on the same plane. 
[0052] 

In this example, an XYZ three-dimensional 
coordinate system is defined for convenience of 
explanation, and the arrangement of components will be 
explained with reference to the coordinate system. In 
FIG- 1, the origin O is defined at the center of the 
upper surface of the force receiving portion 11; the X- 
axis is defined so as to extend horizontally rightward; 
the Z-axis is defined so as to extend vertically upward; 
and the Y-axis is defined so as to extend backward 
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perpendicularly to FIG. 1. That is, the upper surface of 
the force receiving portion 11 and the upper surface of 
the interconnecting portion 13 are on the XY plane, and 
the Z-axis extends .through the center of the force 
receiving portion 11. An S-axis is defined as an axis 
that extends through the origin O and forms an angle of 
45 degrees from the X-axial positive portion to the Y- 
axial positive portion, as shown in FIG. 2. The angle 
between the S-axis and the X-axis may be arbitrarily 
changed except when the S-axis coincides with the X- or 
Y-axis . 

[0053] 

The strain generation body 10 is made of a metallic 
flexible material such as aluminum or SUS . The fixed 
portion 12 is for attaching the strain gauge type sensor 
1 to another device. The fixed portion 12 is formed into 
a large-thickness portion high in rigidity so that the 
portion 12 is hard to be strained or deformed even when 
an external force is applied to the force receiving 
portion 11. An annular shallow groove 13a having a 
predetermined width is formed at an inner edge portion on 
the lower face of the interconnecting portion 13; and an 
annular deep groove 13b is formed at an outer edge 
portion on the lower face of the interconnecting portion 
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13. Consequently, a thick portion 14 having a large 
thickness is formed near a central portion of the 
interconnecting portion 13, that is, at the portion 
corresponding to the portion between 13a and 13b. 
[0054] 

In this embodiment, the shallow groove 13a is equal 
to the deep groove 13b in width, that is, the horizontal 
length in FIG. 1. The depth Dl of the shallow groove 13a, 
the depth D2 of the deep groove 13b, and the difference 
DO between the depth Dl of the shallow groove 13a and the 
depth D2 of the deep groove 13b, are correlative as shown 
in the following expressions (Expression 1) and 
(Expression 2 ) . 

[0055] 

Dl smaller than D2 (Expression 1) 

D2 - Dl = DO (Expression 2) 

[0056] 

In the strain gauge type sensor 1, a diaphragm 15 
is formed at the portion corresponding to the shallow 
groove 13a of the interconnecting portion 13; and a 
diaphragm 16 is formed at the portion corresponding to 
the deep groove 13b. That is, the vicinity of the inner 
edge portion of the interconnecting portion 13 functions 
as the diaphragm 15; and the vicinity of the outer edge 
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portion functions as the diaphragm 16. When an external 
force or moment is applied to the force receiving portion 
11, strains generated in the interconnecting portion 13 
concentrate at the diaphragms 15 and 16. 
[0057] 

The diaphragm 15 is thicker than the diaphragm 16. 
The difference TO in thickness between the diaphragms 15 
and 16 is equal to the difference DO between the depth Dl 
of the shallow groove 13a and the depth D2 of the deep 
groove 13b. The difference DO between the depth Dl of 
the shallow groove 13a and the depth D2 of the deep 
groove 13b, that is, the difference TO in thickness 
between the diaphragms 15 and 16, is determined such that 
the quantities of changes in strain generated at the 
intersections of straight lines extending through the 
origin O with the diaphragms 15 and 16 are substantially 
equal to each other before and after an external force or 
moment is applied to the force receiving portion 11. 
[0058] 

As each of the strain gauges Rll to R34, a metallic 
foil strain gauge or a metallic wire strain gauge is used. 
Each of the strain gauges Rll to R34 is a kind of a 
resistor, and a strain gauge to be used by being attached 
to where a strain is generated. In such a strain gauge, 
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when an object to be measured is strained and 
elongated/contracted, the strain gauge is 
elongated/contracted in proportion to the 

elongation/contraction of the object- Accordingly, the 
strain gauge changes in its resistance value, and thereby 
the strain epsilon can be measured. In general, such a 
gauge has a proportional characteristic in which the 
resistance value increases to a strain epsilon by tension 
and the resistance value decreases to a strain epsilon by 
compression. In addition, the larger the length of the 
gauge, the larger the quantity of change in the 
resistance value. Normally, such a gauge is used within 
the elastic region of the material in which the stress' 
sigma is in proportion to the strain epsilon. 
[0059] 

Next, the arrangement of the strain gauges Rll to 
R34 will be described with reference to FIG. 2. FIG. 2 
is an upper view of the strain gauge type sensor 1. The 
representation of leads of the strain gauges Rll to R34 
is omitted. 

[0060] 

As shown in FIG. 2, strain gauges Rll to R14 are 
disposed on and along the X-axis to detect an X-axial 
component force externally applied. The strain gauge Rll 
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is disposed at a portion corresponding to an X-axial 
positive portion of the diaphragm 16; the strain gauge 
R12 is disposed at a portion corresponding to an X-axial 
positive portion of the diaphragm 15; the strain gauge 
R13 is disposed at a portion corresponding to an X-axial 
negative portion of the diaphragm 15; and the strain 
gauge R14 is disposed at a portion corresponding to an X- 
axial negative portion of the diaphragm 16. 
[0061] 

Strain gauges R21 to R24 are disposed on and along 
the Y-axis to detect a Y-axial component force externally 
applied. The strain gauge R21 is disposed at a portion 
corresponding to a Y-axial negative portion of the 
diaphragm 16; the strain gauge R22 is disposed at a 
portion corresponding to a Y-axial negative portion of 
the diaphragm 15; the strain gauge R23 is disposed at a 
portion corresponding to a Y-axial positive portion of 
the diaphragm 15; and the strain gauge R24 is disposed at 
a portion corresponding to a Y-axial positive portion of 
the diaphragm 16. 

[0062] 

Strain gauges R31 to R34 are disposed on and along 
the S-axis to detect a Z-axial component force externally 
applied. The strain gauge R31 is disposed at a portion 
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corresponding to an S-axial positive portion of the 
diaphragm 16; the strain gauge R32 is disposed at a 
portion corresponding to an S-axial positive portion of 
the diaphragm 15; the strain gauge R33 is disposed at a 
portion corresponding to an S-axial negative portion of 
the diaphragm 15; and the strain gauge R34 is disposed at 
a portion corresponding to an S-axial negative portion of 
the diaphragm 16. 
[0063] 

As described above, any of the strain gauges Rll to 
R34 is disposed on the interconnecting portion 13. The 
strain gauge Rll is disposed at an X-axial positive outer 
edge portion of the interconnecting portion 13; the 
strain gauge R12 is disposed at an X-axial positive inner 
edge portion; the strain gauge R13 is disposed at an X- 
axial negative inner edge portion; and the strain gauge 
R14 is disposed at an X-axial negative outer edge portion. 
The strain gauge R21 is disposed at a Y-axial negative 
outer edge portion of the interconnecting portion 13; the 
strain gauge R22 is disposed at a Y-axial negative inner 
edge portion; the strain gauge R33 is disposed at a Y- 
axial positive inner edge portion; and the strain gauge 
R24 is disposed at a Y-axial positive outer edge portion. 
Further, the strain gauge R31 is disposed at an S-axial 
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positive outer edge portion of the interconnecting 
portion 13; the strain gauge R32 is disposed at an S- 
axial positive inner edge portion; the strain gauge R33 
is disposed at an S-axial negative inner edge portion; 
and the strain gauge R34 is disposed at an S-axial 
negative outer edge portion. 
[0064] 

The strain gauges Rll to R34 are the same in length. 
More specifically, the length of each of the stain gauges 
Rll to R14 along the X-axis, the length of each of the 
stain gauges R21 to R24 along the Y-axis, and length of 
each of the stain gauges R31 to R34 along the S-axis, are 
the same as each other. The length of each of the strain 
gauges Rll to R34 is equal to the length of each of the 
diaphragms 15 and 16. More specifically, the length of 
each of the strain gauges Rll to R34 is equal to the 
length of each of the diaphragms 15 and 16 on the X-, Y-, 
or S-axis . 

[0065] 

The strain gauges Rll to R34 are disposed such that 
the center of the length of each gauge along the Y-, 
or S-axis coincides with the center of the width of the 
diaphragm 15 or the center of the width of the diaphragm 
16. 
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[0066] 

In this embodiment, as described above, the 
difference TO in thickness between the diaphragms 15 and 
16 is determined such that the quantities of changes in 
strain generated at the intersections of straight lines 
extending through the origin O with the diaphragms 15 and 
16 are substantially equal to each other. Therefore, the 
quantities of changes in strain at the positions on the 
X-axis where the strain gauges Rll, R12, R13, and R14 are 
disposed, are substantially equal to each other. 
Consequently, the quantities of changes in resistance 
value of the strain gauges Rll, R12, R13, and R14 are 
substantially equal to each other. 
[0067] 

Likewise, the quantities of changes in strain at 
the positions on the Y-axis where the strain gauges R21, 
R22, R23, and R24 are disposed, are also substantially 
equal to each other. Consequently, the quantities of 
changes in resistance value of the strain gauges R21, R22, 
R23, and R24 are substantially equal to each other. 
Further, the quantities of changes in strain at the 
positions on the S-axis where the strain gauges R31, R32, 
R33, and R34 are disposed, are also substantially equal 
to each other. Consequently, the quantities of changes 
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in resistance value of the strain gauges R31, R32, R33, 
and R34 are substantially equal to each other. 
[0068] 

Next, the principle for detecting forces on the 
respective axes will be described. 
[0069] 

FIG. 3 shows a state of the strain gauge type 
sensor 1 and changes in resistance value of the strain 
gauges Rll to R14 when an X-axial positive force Fx is 
applied to the force receiving portion 11. The force Fx 
acts as a moment My, around the Y-axis, corresponding to 
the distance L between the application point 11a of the 
force receiving portion 11 and the origin O of the strain 
gauge type sensor 1. At this time, as shown in FIG. 3, 
strains by compression are generated at a portion 
corresponding to the X-axial positive portion of the 
diaphragm 16 and a portion corresponding to the X-axial 
negative portion of the diaphragm 15; and strains by 
tension are generated at a portion corresponding to the 
X-axial positive portion of the diaphragm 15 and a 
portion corresponding to the X-axial negative portion of 
the diaphragm 16. The strains are detected by the strain 
gauges Rll to R14 . In FIG. 3, (+) represents an increase 
in resistance value of the strain gauge; and (-) 
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represents a decrease in resistance value of the strain 
gauge, 

[0070] 

Next, when a Y-axial positive force Fy is applied 
to the force receiving portion 11, the force Fy acts as a 
moment Mx, around the X-axis, corresponding to the 
distance L between the application point 11a of the force 
receiving portion 11 and the origin O of the strain gauge 
type sensor 1. This can be thought by shifting by 90 
degrees the above-described state when the X-axial force 
Fx is applied, and thus the description thereof is 
omitted here. 

[0071] 

FIG. 4 shows a state of the strain gauge type 
sensor 1 when a Z-axial positive force Fz is applied to 
the force receiving portion 11. At this time, as shown 
in FIG. 4, strains by compression are generated at 
portions corresponding to the diaphragm 16; and strains 
by tension are generated at portions corresponding to the 
diaphragm 15. The strains are detected by the strain 
gauges R31 to R34 . 

[0072] 

Table 1 shows changes in resistance value of the 
strain gauges Rll to R34 for the respective forces as 
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described above. In the table, + represents an increase 
in resistance value; - represents a decrease in 
resistance value; and no sign represents substantially no 
change in resistance value. The force or moment in the 
reverse direction is inverted in sign'. 

[0073] 

[Table 1] 
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[0074] 

FIGS. 5A to 5C show three bridge circuits 
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constituted by the strain gauges Rll to R34 . More 
specifically, FIG. 5A shows a bridge circuit 17 
constituted by the strain gauges Rll to R14 on the X- 
axis; FIG. 5B shows a bridge circuit 18 constituted by 
the strain gauges R21 to R24 on the Y-axis; and FIG. 5C 
shows a bridge circuit 19 constituted by the strain 
gauges R31 to R34 on the S-axis. 
[0075] 

As shown in FIG. 5A, in the bridge circuit 17, Rll 
and R14 are connected in series and R12 and R13 are 
connected in series from a driving voltage V+ to GND. 
The voltage of a node a between Rll and R14 is 
represented by Va; and the voltage of a node b between 
R12 and R13 is represented by Vb . 

[0076] 

As shown in FIG. 5B, in the bridge circuit 18, R21 
and R24 are connected in series and R22 and R23 are 
connected in series from the driving voltage V+ to GND. 
The voltage of a node c between R21 and R24 is 
represented by Vc; and the voltage of a node d between 
R22 and R23 is represented by Vd . 
[0077] 

As shown in FIG. 5C, in the bridge circuit 19, R31 
and R34 are connected in series and R32 and R33 are 
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connected in series from the driving voltage V+ to GND. 
The voltage of a node e between R31 and R34 is 
represented by Vd; and the voltage of a node f_ between 
R32 and R33 is represented by Vf. 
[0078] 

FIG. 6 shows relations between the node voltages Va 
to Vf and the forces or moments applied to the force 
receiving portion 11- The force Fx and the moment My can 
be measured as the difference Vx (= Va - Vb ) between the 
node voltages Va and Vb . The force Fy and the moment Mx 
can be measured as the difference Vy {= Vc - Vd) between 
the node voltages Vc and Vd- Further, the force Fz can 
be measured as the difference Vz (= Ve - Vf) between the 
node voltages Ve and Vf. These calculations may be 
directly electrically performed by using an OA amplifier, 
or may be performed with a computer after the node 
voltages are A/D-converted . 

[0079] 

As described above, in the strain gauge type sensor 
1 of this embodiment, the difference in thickness between 
the diaphragms 15 and 16 is determined such that the 
magnitudes of strains at the intersections of straight 
lines extending through the origin O with the diaphragms 
15 and 16 are substantially equal to each other- In 
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addition, each of the strain gauges Rll to R34 is 
disposed at a position on the or S-axis 

corresponding to the diaphragm 15 or 16. Therefore, when 
an external force or moment is applied to the force 
receiving portion 11, the quantities of changes in the 
magnitude of strain at the positions on the or S- 

axis where the strain gauges are disposed, are 
substantially equal to each other. Thus, the quantities 
of changes in resistance value of the strain gauges are 
also substantially equal to each other. Consequently, 
the force or moment externally applied to the force 
receiving portion 11 of the strain gauge type sensor 1 
can be measured with high sensitivity. 
[0080] 

The strain gauges Rll to R34 are disposed on the 
orthogonal X- and Y-axes extending through the origin O 
and the S-axis that extends through the origin O and 
forms an angle of 45 degrees from the X-axial positive 
portion to the Y-axial positive portion. Therefore, the 
strain gauge type sensor 1 can detect X-axial and Y-axial 
forces and moments, and further, a force on the Z-axis 
that extends through the origin O perpendicularly to the 
X- and Y-axes. 

[0081] 
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Next, a construction of a strain gauge type sensor 
2 according to a second embodiment of the present 
invention will be described with reference to FIG. 7, 

[0082] 

FIG. 7 is a cross-sectional view of the strain 
gauge type sensor according to the second embodiment of 
the present invention, which corresponds to the first 
embodiment shown in FIG. 1. The strain gauge type sensor 
2 according to this embodiment differs from the strain 
gauge type sensor 1 according to the first embodiment 
shown in FIG. 1 mainly in a point that an interconnecting 
portion 23 of this embodiment is formed into a single 
diaphragm while the interconnecting portion 13 of the 
first embodiment is made up of the thick portion 14 and 
diaphragms 15 and 16. The other construction, the 
principle for detecting forces and moments, and the 
circuit constructions, are substantially the same as 
those of the strain gauge type sensor 1 according to the 
first embodiment, and therefore, the detailed description 
thereof will be omitted. 
[0083] 

As shown in FIG. 7, the interconnecting portion 23 
is formed into a small-thickness portion to function as a 
diaphragm. The interconnecting portion 23 is 
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substantially annular. The lower surface of the 
interconnecting portion 23 slopes at a constant gradient 
so that the thickness of the interconnecting portion 23 
gradually decreases toward the outer portion. Therefore, 
the portion near the outer edge of the interconnecting 
portion 23 is thinner than the portion near the inner 
edge . 

[0084] 

The difference DO' in thickness between the inner 
and outer edge portions of the interconnecting portion 23, 
which depends upon the degree of the gradient of the 
lower surface of the interconnecting portion 23, is 
determined such that the quantities of changes in the 
strains generated at positions on a straight line 
extending through the origin O, corresponding to the 
vicinities of the respective inner and outer edges of the 
interconnecting portion 23, are substantially equal to 
each other before and after an external force or moment 
is applied to the force receiving portion 11. 

[0085] 

The arrangement of the strain gauges Rll to R34 of 
this embodiment is substantially the same as that of the 
first embodiment. The strain gauges Rll to R34 are 
disposed on the interconnecting portion 23 corresponding 
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to the interconnecting portion 13 of the first embodiment. 
More specifically, each of the strain gauges Rll to R14 
is disposed on the X-axis at the outer or inner edge 
portion of the interconnecting portion 23. Each of the 
strain gauges R21 to R24 is disposed on the Y-axis at the 
outer or inner edge portion of the interconnecting 
portion 23. Each of the strain gauges R31 to R34 is 
disposed on the S-axis at the outer or inner edge portion 
of the interconnecting portion 23. 
[0086] 

As described above, the difference DO' in thickness 
between the inner and outer edge portions of the 
interconnecting portion 23 is determined such that the 
quantities of changes in the strains generated at 
positions on a straight line extending through the origin 

corresponding to the vicinities of the respective 
inner and outer edges of the interconnecting portion 23, 
are substantially equal to each other. Therefore, the 
quantities of changes in strain at the positions on the 
X-axis where the strain gauges Rll to R14 are disposed, 
are substantially equal to each other. Consequently, the 
quantities of changes in resistance value of the strain 
gauges Rll to R14 are substantially equal to each other. 
[0087] 
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Likewise, the quantities of changes in strain at 
the positions on the Y-axis where the strain gauges R21 
to R24 are disposed, are also substantially equal to each 
other. Consequently, the quantities of changes in 
resistance value of the strain gauges R21 to R24 are 
substantially equal to each other. Further, the 
quantities of changes in strain at the positions on the 
S-axis where the strain gauges R31 to R34 are disposed, 
are also substantially equal to each other. Consequently, 
the quantities of changes in resistance value of the 
strain gauges R31 to -R34 are substantially equal to each 
other . 

[0088] 

As described above, the strain gauge type sensor 2 
of this embodiment can bring about the same effect as the 
strain gauge type sensor 1 of the first embodiment. 

[0089] 

Next, a construction of a strain gauge type sensor 
3 according to a third embodiment of the present 
invention will be described with reference to FIG. 8. 

[0090] 

FIG. 8 is a cross-sectional view of the strain 
gauge type sensor according to the third embodiment of 
the present invention, which corresponds to the first 
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embodiment shown in FIG. 1. The strain gauge type sensor 
3 according to this embodiment differs from the strain 
gauge type sensor 1 according to the first embodiment 
shown in FIG. 1 mainly in a point that an interconnecting 
portion 33 of this embodiment is formed into a single 
diaphragm while the interconnecting portion 13 of the 
first embodiment is made up of the thick portion 14 and 
diaphragms 15 and 16. The other construction^ the 
principle for detecting forces and moments, and the 
circuit constructions, are substantially the same as 
those of the strain gauge type sensor 1 according to the 
first embodiment, and therefore, the detailed description 
thereof will be omitted. 
[0091] 

As shown in FIG. 8, the interconnecting portion 33 
is formed into a small- thickness portion to function as a 
diaphragm. The interconnecting portion 33 is 
substantially annular. A plate-like portion 33a having a 
constant thickness is formed near the outer edge of the 
interconnecting portion 33; and a curved portion 33b 
having a constant curvature and gradually increasing in 
thickness toward the inner edge of the interconnecting 
portion 33 is formed near the inner edge of the 
interconnecting portion 33. 
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[0092] 

The curvature of the curved portion 33b is 
determined such that the quantities of changes in the 
strains generated at positions on a straight line 
extending through the origin corresponding to the 

vicinities of the respective inner and outer edges of the 
interconnecting portion 33, are substantially equal to 
each other before and after an external force or moment 
is applied to the force receiving portion 11. 

[0093] 

The arrangement of the strain gauges Rll to R34 of 
this embodiment is substantially the same as that of the 
first embodiment. The strain gauges Rll to R34 are 
disposed on the interconnecting portion 33 corresponding 
to the interconnecting portion 13 of the first embodiment. 
More specifically, each of the strain gauges Rll to R14 
is disposed on the X-axis at the outer or inner edge 
portion of the interconnecting portion 33. Each of the 
strain gauges R21 to R24 is disposed on the Y-axis at the 
outer or inner edge portion of the interconnecting 
portion 33. Each of the strain gauges R31 to R34 is 
disposed on the S-axis at the outer or inner edge portion 
of the interconnecting portion 33. 
[0094] 
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As described above, the curvature of the curved 
portion 33b is determined such that the quantities of 
changes in the strains generated at positions on a 
straight line extending through the origin 
corresponding to the vicinities of the respective inner 
and outer edges of the interconnecting portion 33, are 
substantially equal to each other. Therefore, the 
quantities of changes in strain at the positions on the 
X-axis where the strain gauges Rll to R14 are disposed, 
are substantially equal to each other. Consequently, the 
quantities of changes in resistance value of the strain 
gauges Rll to R14 are substantially equal to each other. 
[0095] 

Likewise, the quantities of changes in strain at 
the positions on the Y-axis where the strain gauges R21 
to R24 are disposed, are also substantially equal to each 
other. Consequently, the quantities of changes in 
resistance value of the strain gauges R21 to R24 are 
substantially equal to each other. Further, the 
quantities of changes in strain at the positions on the 
S-axis where the strain gauges R31 to R34 are disposed, 
are also substantially equal to each other. Consequently, 
the quantities of changes in resistance value of the 
strain gauges R31 to R34 are substantially equal to each 
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other . 

[0096] 

As described above, the strain gauge type sensor 3 
of this embodiment can bring about the same effect as the 
strain gauge type sensor 1 of the first embodiment and 
the strain gauge type sensor 2 of the second embodiment. 

[0097] 

Next, a construction of a strain gauge type sensor 
4 according to a fourth embodiment of the present 
invention will be described with reference to FIG. 9. 

[0098] 

FIG- 9 is a cross-sectional view of the strain 
gauge type sensor according to the fourth embodiment of 
the present invention, which corresponds to the first 
embodiment shown in FIG. 1. The strain gauge type sensor 
4 according to this embodiment differs from the strain 
gauge type sensor 1 according to the first embodiment 
shown in FIG. 1 mainly in a point that diaphragms 45 and 
46 of this embodiment are equal in thickness to each 
other and the length of each of the strain gauges Rll, 
R14, R21, R24, R31, and R34, disposed at a position 
corresponding to the diaphragm 46, along the Y-, or 

S-axis, is more than the length of each of the strain 
gauges R12, R13, R22, R23, R32, and R33, disposed at a 
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position corresponding to the diaphragm 45, along the 

or S-axis, while the diaphragm 16 is thinner than the 
diaphragm 15 in the first embodiment and the strain 
gauges Rll to R34 of the first embodiment have the same 
length along the or S-axis. The other 

construction, the principle for detecting forces and 
moments, and the circuit constructions, are substantially 
the same as those of the strain gauge type sensor 1 
according to the first embodiment, and therefore, the 
detailed description thereof will be omitted. 
[0099] 

As shown in FIG. 9, the diaphragms 45 and 46 are 
formed near the respective inner and outer edges of a 
substantially annular interconnecting portion 43 such 
that the diaphragms 45 and 46 are equal to each other in 
width and thickness. Therefore, as for the quantities of 
changes in the strains generated at the intersections of 
a straight line extending through the origin O with the 
respective diaphragms 45 and 46 before and after an 
external force or moment is applied to the force 
receiving portion 41, the quantity of the change in the 
strain generated at the diaphragm 46 is less than the 
quantity of the change in the strain generated at the 
diaphragm 45. 
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[0100] 

The arrangement of the strain gauges Rll to R34 of 
this embodiment is substantially the same as that of the 
first embodiment. The strain gauges Rll to- R34 are 
disposed on the interconnecting portion 43 corresponding 
to the interconnecting portion 13 of the first embodiment. 
More specifically, each of the strain gauges Rll to R14 
is disposed on the X-axis at a position corresponding to 
a diaphragm 45 or 46. Each of the strain gauges R21 to 
R24 is disposed on the Y-axis at a position corresponding 
to a diaphragm 45 or 46. Each of the strain gauges R31 
to R34 is disposed on the S-axis at a position 
corresponding to a diaphragm 45 or 46. 

[0101] 

In this embodiment, the length LI of each of the 
strain gauges R12, R13, R22, R23, R32, and R33, disposed 
at a position corresponding to the diaphragm 45, along 
the or "S-axis, the length L2 of each of the 

strain gauges Rll, R14, R21, R24, R31, and R34, disposed 
at a position corresponding to the diaphragm 46, along 
the X-, Y-, or S-axis, and the difference LO between LI 
and L2, are correlative as shown in the following 
expressions (Expression 3) and (Expression 4). 

[0102] 
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LI smaller than L2 (Expression 3) 

L2 - LI = LO (Expression 4) 

[0103] 

The difference LO between LI and L2 is determined 
such that the quantities of changes in resistance value 
of ones of the strain gauges Rll to R34, disposed in a 
row on a straight line extending through the origin O, 
are substantially equal to each other before and after an 
external force or moment is applied to the force 
receiving portion 41. 
[0104] 

Therefore, the quantities of changes in resistance 
value of the strain gauges Rll to R14 disposed on the X- 
axis are equal to each other; the quantities of changes 
in resistance value of the strain gauges R21 to R24 
disposed on the Y-axis are equal to each other; and the 
quantities of changes in resistance value of the strain 
gauges R31 to R34 disposed on the S-axis are equal to 
each other. 

[0105] 

As described above, the strain gauge type sensor 4 
of this embodiment can bring about the same effect as the 
strain gauge type sensor 1 of the first embodiment, the 
strain gauge type sensor 2 of the second embodiment, and 

-47- 



the strain gauge type sensor 3 of the third embodiment. 
[0106] 

Next, a construction of a strain gauge type sensor 
5 according to a fifth embodiment of the present 
invention will be described with reference to FIG. 10. 

[0107] 

FIG- 10 is a cross-sectional view of the strain 
gauge type sensor according to the fifth embodiment of 
the present invention, which corresponds to the first 
embodiment shown in FIG. 1. The strain gauge type sensor 
5 according to this embodiment differs from the strain 
gauge type sensor 1 according to the first embodiment 
shown in FIG. 1 mainly in a point that diaphragms 55 and 
56 of this embodiment are equal to each other in 
thickness and the diaphragm 56 is larger in width than 
the diaphragm 55 while the diaphragm 16 is thinner than 
the diaphragm 15 in the first embodiment and the 
diaphragms 15 and 16 are equal to each other in width. 
The other construction, the principle for detecting 
forces and moments, and the circuit constructions, are 
substantially the same as those of the strain gauge type 
sensor 1 according to the first embodiment, and therefore, 
the detailed description thereof will be omitted. 

[0108] 

-48- 



As shown in FIG. 10, the diaphragms 55 and 56 are 
formed near the respective inner and outer edges of a 
substantially annular interconnecting portion 53 such 
that the diaphragms 55 and 56 are equal to each other in 
width. The width Wl of the diaphragm 55, the width W2 of 
the diaphragm 56, and the difference between them, are 
correlative as shown in the following expressions 
(Expression 5) and (Expression 6) . 
[0109] 

Wl smaller than W2 (Expression 5) 

W2 - Wl = WO (Expression 6) 

[0110] 

The difference WO in width between the diaphragms 
55 and 56 is determined such that the quantities of 
changes in the strains generated at the intersections of 
a straight line extending through the origin O with the 
respective diaphragms 55 and 56, are equal to each other 
before and after an external force or moment is applied 
to the force receiving portion 51. 
[0111] 

The arrangement of the strain gauges Rll to R34 of 
this embodiment is substantially the same as that of the 
first embodiment. The strain gauges Rll to R34 are 
disposed on the interconnecting portion 53 corresponding 
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to the interconnecting portion 13 of the first embodiment. 
More specifically^ each of the strain gauges Rll to R14 
is disposed on the X-axis at an outer or inner edge 
position. Each of the strain gauges R21 to R24 is 
disposed on the Y-axis at an outer or inner edge position. 
Each of the strain gauges R31 to R34 is disposed on the 
S-axis at an outer or inner edge position. 
[0112] 

In this embodiment, as described above, the 
difference WO in width between the diaphragms 55 and 56 
is determined such that the quantities of changes in the 
strains generated at the intersections of a straight line 
extending through the origin O with the respective 
diaphragms 55 and 56, are equal to each other. Therefore, 
the quantities of changes in strain at the positions on 
the X-axis where the strain gauges Rll to R14 are 
disposed, are substantially equal to each other. 
Consequently, the quantities of changes in resistance 
value of the strain gauges Rll to R14 are substantially 
equal to each other. 

[0113] 

Likewise, the quantities of changes in strain at 
the positions on the Y-axis where the strain gauges R21 
to R24 are disposed, are also substantially equal to each 
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other. Consequently, the quantities of changes in 
resistance value of the strain gauges R21 to R24 are 
substantially equal to each other. Further, the 
quantities of changes in strain at the positions on the 
S-axis where the strain gauges R31 to R34 are disposed, 
are also substantially equal to each other. Consequently, 
the quantities of changes in resistance value of the 
strain gauges R31 to R34 are substantially equal to each 
other , 

[0114] 

As described above, the strain gauge type sensor 5 
of this embodiment can bring about the same effect as the 
strain gauge type sensor 1 of the first embodiment, the 
strain gauge type sensor 2 of the second embodiment, the 
strain gauge type sensor 3 of the third embodiment, and 
the strain gauge type sensor 4 of the fourth embodiment. 

[0115] 

Next, a construction of a strain gauge type sensor 
unit 100 according to a sixth embodiment of the present 
invention will be described with reference to FIGS. 11 to 
13. 

[0116] 

FIG. 11 is a view showing the arrangement of strain 
gauges Rill to R148 provided on a surface 101a of a first 
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member 101 of the strain gauge type sensor unit 100 
according to the sixth embodiment of the present 
invention. FIG. 12 is a cross-sectional view of the 
strain gauge type sensor unit 100. The strain gauge type 
sensor unit 100 of this embodiment differs from the 
strain gauge type sensor 1 of the first embodiment in a 
point that the strain gauge type sensor unit 100 of this 
embodiment is a 6-axis force sensor while the strain 
gauge type sensor 1 of the first embodiment is a 3-axis 
force sensor. 
[0117] 

As shown in FIGS. 11 and 12, the strain gauge type 
sensor unit 100 includes a first member 101 and a second 
member 102 opposed to the first member 101. The strain 
gauge type sensor unit 100 is for measuring at least one 
of multiaxial force, moment, acceleration, and angular 
acceleration, externally applied to the first or second 
member 101 or 102. Each of the first and second members 
101 and 102 is formed into a substantially disk-shaped 
flange. Four strain gauge type sensors 104 to 107 are 
formed in the first member 101. Four strain generation 
bodies 10 are formed in the second member 102 so as to be 
opposed to the respective strain gauge type sensors 104 
to 107. The force receiving portions 11 of each of the 
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strain gauge type sensors 104 to 107 and the 
corresponding strain generation body 10 opposed to the 
sensor are connected to each other with a bolt 109. 
Thereby^ the first and second members 101 and 102 are 
united . 

[0118] 

The strain gauge type sensor 104 formed in the 
first member 101 differs in construction from the strain 
gauge type sensor 1 of the first embodiment in a point 
that four strain gauges are disposed on each of two axes 
of the X- and Y-axes, that is, eight strain gauges Rill 
to R118 are disposed on the strain gauge type sensor 104 
of .this embodiment while four strain gauges are disposed 
on each of three axes of the and S-axes, that is, 

twelve strain gauges Rll to R34 are disposed on the 
strain gauge type sensor 1 of the first embodiment. The 
other construction of the strain gauge type sensor 104 is 
the same as that of the strain gauge type sensor 1 of the 
first embodiment, and therefore, the detailed description 
thereof will be omitted. Likewise, eight strain gauges 
R121 to R128; R131 to R138; R141 to R148 are disposed on 
each of the strain gauge type sensors 105, 106, and 107. 
Thus, four sets of strain gauges Rill to R118, R121 to 
R128, R131 to R138, and R141 to R148, are disposed on the 

-53- 



first member 101. 
[0119] 

In this example, an X'Y'Z' three-dimensional 
coordinate system is defined for convenience of 
explanation, and the arrangement of components will be 
explained with reference to the coordinate system. In 
FIG. 12, the origin O' is defined at the center of the 
surface 101a of the first member 101; the X'-axis is 
defined so as to extend horizontally rightward; the Y' - 
axis is defined so as to extend frontward perpendicularly 
to FIG. 12; and the Z'-axis is defined so as to extend 
vertically downward. That is, the surface 101a of the 
first member 101 is on the X' Y' plane, and the Z' -axis 
extends through the center of the first member 101. 

[0120] 

FIG. 11 shows the X- and Y-axes defined on each 
upper surface of the strain gauge type sensors 104 to 107. 
[0121] 

The strain gauge type sensors 104 to 107 are 
arranged around the origin O' at regular angular 
intervals at the same distance from the origin O' . In 
this embodiment, they are arranged at regular angular 
intervals of 90 degrees. The strain gauge type sensor 
104 is disposed at an X' -axial positive portion; the 
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strain gauge type sensor 105 is disposed at a Y' -axial 
negative portion; the strain gauge type sensor 106 is 
disposed at an X' -axial negative portion; and the strain 
gauge type sensor 107 is disposed at a Y' -axial positive 
portion. The strain gauge type sensors 104 and 106 are 
disposed such that their X-axes coincide with the X' - 
axis; and the strain gauge type sensors 105 and 107 are 
disposed such that their Y-axes coincide with the Y'-axis. 
[0122] 

Thus, the strain gauge type sensor unit 100 
functions as a 6-axis force sensor for measuring forces 
on orthogonal three axes in the three-dimensional space 
and moments around the respective axes. FIG. 13 shows 
the directions of the X'-, Y'-, and Z'-axes and the 
directions of moments Mk' , My' , and Mz' around the 
respective axes. 

[0123] 

The strain gauge type sensors 104 to 107 are equal 
to each other in size and shape. Therefore, when the 
first and second members 101 and 102 and their force 
receiving portions 11 are displaced such that they form 
four sides of a parallelogram as a whole, strains 
corresponding to the directions and magnitudes of forces 
are generated at positions where the strain gauges Rill 
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to R148 are disposed. Thus, forces and moments can be 
accurately detected. In a modification, a step may be 
formed at the attachment position of each strain gauge in 
order to simplify the attachment work for the strain 
gauge and intend to protect the strain gauge. 
[0124] 

FIG. 14 shows eight bridge circuits constituted by 
the strain gauges Rill to R148. As shown in FIG. 14, any 
bridge circuit is constituted by four strain gauges 
arranged linearly on the X- and Y-axes of the 
corresponding one of the strain gauge type sensor 104 to 
107. Thereby, strain generation conditions in the strain 
gauge type sensors 104 to 107 can be directly output as 
eight voltages. 

[0125] 

In this case, forces and moments can be calculated 
by the following (Expression 7) to (Expression 12). 



[0126] 
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[0127] 

The above calculations may be carried out by an OP 
amplifier after resistance values are converted into 
voltages by known or new means; or carried out with a 
micro controller or computer by using A/D converters. 

[0128] 

As described above, the strain gauge type sensor 
unit 100 of this embodiment includes four strain gauge 
type sensors 104 to 107. Therefore, 3~axial forces and 
moments, or accelerations and angular accelerations, can 
be measured with high sensitivity. 

[0129] 

The strain gauge type sensors 104 to 107 are 
arranged around the origin O' at regular angular 
intervals at the same distance from the origin . 
Therefore, forces and moments on the X'-, Y'-, and Z'- 
axes can be calculated by relatively simple calculation 
from changes in resistance value of the strain gauges of 
the strain gauge type sensors 104 to 107. 

[0130] 

The strain gauge type sensor 104 is disposed at an 
X' -axial positive portion; the strain gauge type sensor 
105 is disposed at a Y' -axial negative portion; the 
strain gauge type sensor 106 is disposed at an X' -axial 
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negative portion; and the strain gauge type sensor 107 is 
disposed at a Y' -axial positive portion. Therefore, 
forces and moments on the X' - and Y' -axes can be easily 
calculated . 

[0131] 

The strain gauge type sensors 104 and 106 are 
disposed such that their X-axes coincide with the X' - 
axis; and the strain gauge type sensors 105 and 107 are 
disposed such that their Y-axes coincide with the Y'-axis. 
Therefore, strain gauges are disposed at positions in the 
strain gauge type sensors 104 to 107 where the largest 
strains are generated when an external force or moment is 
applied to the strain gauge type sensor unit 100. Thus, 
the strains can be detected with high sensitivity. 
Therefore, the external force or moment applied to the 
strain gauge type sensor unit 100 can be measured with 
high sensitivity. 

[0132] 

The strain gauge type sensor unit 100 of this 
embodiment includes the first member 101 including the 
strain gauge type sensors 104 to 107 having the strain 
gauges Rill to R148; and the second member 102 including 
four strain generation bodies 10 having no strain gauges 
and opposed to the respective strain gauge type sensors 
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104 to 107. The force receiving portions 11 of each of 
the strain gauge type sensors 104 to 107 and the strain 
generation body 10 opposed to the sensor are connected to 
each other. Therefore, multiaxial forces and moments can 
be measured merely by providing strain gauges only on one 
member . 

[0133] 

Next, a construction of a strain gauge type sensor 
unit 200 according to a seventh embodiment of the present 
invention will be described with reference to FIG. 15. 

[0134] 

FIG. 15 is a view showing the arrangement of strain 
gauges R211 to R238 provided on a surface 201a of a first 
member 201 of the strain gauge type sensor unit 200 
according to the seventh embodiment of the present 
invention. The strain gauge type sensor unit 200 of this 
embodiment differs from the strain gauge type sensor 1 of 
the first embodiment in a point that the strain gauge 
type sensor unit 200 of this embodiment is a 6-axis force 
sensor while the strain gauge type sensor 1 of the first 
embodiment is a 3-axis force sensor. 

[0135] 

As shown in FIG. 15, the strain gauge type sensor 
unit 200 includes a first member 201 and a not-shown 
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second member opposed to the first member 201. The 
strain gauge type sensor unit 200 is for measuring at 
least one of multiaxial force, moment, acceleration, and 
angular acceleration, externally applied to the first 
member 201 or the second member. Each of the first 
member 201 and the second member is formed into a 
substantially disk-shaped flange. Three strain gauge 
type sensors 204 to 206 are formed in the first member 
201. Three strain generation bodies are formed in the 
second member so as to be opposed to the respective 
strain gauge type sensors 204 to 206. The force 
receiving portions of each of the strain gauge type 
sensors 204 to 206 and the corresponding strain 
generation body opposed to the sensor are connected to 
each other with a not-shown bolt. Thereby, the first 
member 101 and the second member are united. 
[0136] 

The strain gauge type sensor 204 formed in the 
first member 201 differs in construction from the strain 
gauge type sensor 1 of the first embodiment in a point 
that four strain gauges are disposed on each of two axes 
of the X- and Y-axes, that is, eight strain gauges R211 
to R218 are disposed on the strain gauge type sensor 204 
of this embodiment while four strain gauges are disposed 
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on each of three axes of the and S-axes, that is, 

twelve strain gauges Rll to R34 are disposed on the 
strain gauge type sensor 1 of the first embodiment. The 
other construction of the strain gauge type sensor 204 is 
the same as that of the strain gauge type sensor 1 of the 
first embodiment, and therefore, the detailed description 
thereof will be omitted. Likewise, eight strain gauges 
R221 to R228; R231 to R238 are disposed on each of the 
strain gauge type sensors 205 and 206. Thus, three sets 
of strain gauges R211 to R218, R221 to R228, and R231 to 
R238, are disposed on the first member 201. 
[0137] 

In this example, like the above-described sixth 
embodiment, an X'Y'Z' three-dimensional coordinate system 
is defined and the arrangement of components will be 
explained with reference to the coordinate system. FIG. 
15 shows the X- and Y-axes defined on each upper surface 
of the strain gauge type sensors 204 to 206. 

[0138] 

The strain gauge type sensors 204 to 206 are 
arranged around the origin O' at regular angular 
intervals at the same distance from the origin O' . In 
this embodiment, they are arranged at regular angular 
intervals of 120 degrees. The strain gauge type sensor 
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204 is disposed such that the X-axis of the strain gauge 
type sensor 204 extends on a segment CO' that extends 
from the origin O' at an angle of 120 degrees from a 
negative portion of the Y'-axis to a positive portion of 
the X'-axis. The strain gauge type sensor 205 is 
disposed such that its Y-axis coincides with the Y' -axis 
in the Y' -axial negative direction. The strain gauge 
type sensor 206 is disposed such that the X-axis of the 
strain gauge type sensor 206 extends on a segment DO' 
that extends from the origin O' at an angle of 120 
degrees from a negative portion of the Y' -axis to a 
negative portion of the X'-axis- 
[0139] 

The principle for detecting each axial component of 
a force or moment according to this embodiment will be 
described. In the below description, it is supposed that 
the first member 201 is fixed and a force or moment is 
applied to the second member. In each strain gauge group 
constituted by four strain gauges linearly arranged, the 
rate of change in resistance value to a strain is the 
highest when the strain by tension or compression is 
applied along the row of the arrangement of the strain 
gauges. In this case, the sensitivity becomes the 
highest. Although this embodiment includes six strain 
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gauge groups as shown in FIG. 15, they are different from 
each other in the direction in which the sensitivity 
becomes the highest. However, by resolving the 
sensitivity of each strain gauge group into vectors on 
three axes of the X'-, Y'-, and Z'-axes, 6-axial 
components of a force or moment can be detected. Thus, 
the strain gauge type sensor unit 200 functions as a 6- 
axis force sensor for measuring forces on orthogonal 
three axes in the three-dimensional space and moments 
around the respective axes. 
[0140] 

The bridge circuits constituted by the strain 
gauges R211 to R238 of this embodiment are substantially 
the same as the bridge circuits of the sixth embodiment. 
Although eight sensor circuits are constituted in the 
sixth embodiment by the strain gauge groups linearly 
arranged on the X- and Y-axes of the strain gauge type 
sensors 104 to 107, six sensor circuits are constituted 
in this embodiment by the strain gauge groups linearly 
arranged on the X- and Y-axes of the strain gauge type 
sensors 204 to 206. Thereby, strain generation 
conditions in the strain gauge type sensors 204 to 206 
can be directly output as six voltages. 

[0141] 
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By calculation using the output voltage value from 
each sensor circuit in consideration of the angle of each 
strain gauge group with the X'- or Y' -axis and the 
distance between the origin O' and the origin O of each 
of the strain gauge type sensors 204 to 206, forces Fx' , 
Fy' , and Fz' on the X'-, Y'-, and Z'-axes and moments Mx' , 
My', and Mz' around the respective axes can be calculated. 

[0142] 

As described above, the strain gauge type sensor 
unit 200 of this embodiment can bring about the same 
effect as the strain gauge type sensor unit 100 of the 
sixth embodiment. In addition, the strain gauge type 
sensors 204 to 206 are arranged around the origin O' at 
regular angular intervals of 120 degrees. Therefore, 
because multiaxial forces and moments can be measured by 
three strain gauge type sensors, this can simplify the 
construction of the strain gauge type sensor unit. 

[0143] 

Hereinbefore, preferred embodiments of the present 
invention have been described. However, the present 
invention is never limited to the above-described 
embodiments, and various changes in design can be made 
within the scope of the claims. For example, in the 
above-described first to seventh embodiments, the 
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quantities of changes in resistance value of four strain 
gauges linearly arranged are substantially equal to each 
other. However, the present invention is not limited to 
that. It suffices if any of the resistance values of 
four strain gauges changes widely. 
[0144] 

In the above-described first to seventh embodiments, 
a driving method is adopted in which a constant voltage 
and GND are applied to each bridge circuit. However, the 
present invention is not limited to that. Each bridge 
circuit may be driven by applying both of positive and 
negative voltages. Or, each bridge circuit may be driven 
by applying a constant current in place of the constant 
voltage . 

[0145] 

It is a matter of course that the arrangement of 
strain gauges in the above-described first to seventh 
embodiments is not limited to those shown in the figures. 
Even in the case that the arrangement of strain gauges is 
changed, it suffices if strains at positions where the 
strain gauges linearly arranged in each strain gauge 
group are disposed, are equal to each other in magnitude, 
and 3- or 6-axial forces and moments can be obtained by 
calculation such as subtraction and addition of voltages 
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at nodes in bridge circuits. 
[0146] 

In the above-described embodiments, the present 
invention is applied to a sensor for detecting 3- or 6- 
axial forces and moments. However, the present invention 
is not limited to that. The present invention may be 
applied to a sensor for detecting only 2-axial forces on 
the X- and Y-axes. 

Industrial Applicability 
[0147] 

The present invention is the most suitable for a 
strain gauge type sensor capable of measuring the 
direction and magnitude of at least one of six components 
of forces on orthogonal three axes and moments around the 
respective axes, externally applied. Therefore, for 
example, in a humanoid robot expected to be put to 
practical use in the amusement field, if a strain gauge 
type sensor of the present invention is incorporated in a 
hand or leg of the humanoid robot, forces and moments 
applied to the hand or leg of the humanoid robot can be 
detected with high responsibility and high accuracy at a 
lower cost than a conventional sensor. 
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Brief Description of Drawings 
[0148] 
[FIG. 1] 

A cross-sectional view of a strain gauge type 
sensor according to a first embodiment of the present 
invention . 

[FIG. 2] 

An upper view of the strain gauge type sensor of 
FIG. 1. 

[FIG. 3] 

A cross-sectional view showing a state of the 
strain gauge type sensor of FIG. 1 and changes in 
resistance value of strain gauges when an X-axial 
positive force is applied to a force receiving portion of 
the strain gauge type sensor. 

[FIG. 4] 

A cross-sectional view showing a state of the 
strain gauge type sensor of FIG. 1 when a Z-axial 
positive force is applied to the force receiving portion 
of the strain gauge type sensor. 
[FIG. 5A] 

A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 1. 
[FIG. 5B] 
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A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 1. 
[FIG. 5C] 

A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 1. 
[FIG. 6] 

A representation showing an example of calculation 
processing for node voltages of the bridge circuits shown 
in FIGS. 5. 

[FIG. 7] 

A cross-sectional view of a strain gauge type 
sensor according to a second embodiment of the present 
invention . 

[FIG. 8] 

A cross-sectional view of a strain gauge type 
sensor according to a third embodiment of the present 
invention . 

[FIG. 9] 

A cross-sectional view of a strain gauge type 
sensor according to a fourth embodiment of the present 
invention . 

[FIG. 10] 

A cross-sectional view of a strain gauge type 
sensor according to a fifth embodiment of the present 
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invention . 

[FIG. 11] 

A view showing the arrangement of strain gauges 
provided on a surface of a first member of a strain gauge 
type sensor unit according to a sixth embodiment of the 
present invent ion . 

[FIG. 12] 

A cross-sectional view of the strain gauge type 
sensor unit shown in FIG. 11. 
[FIG. 13] 

A perspective representation showing a Cartesian 
coordinate system . 
[FIG. 14] 

Circuit diagrams showing examples of bridge 
circuits of the strain gauge type sensor unit shown in 
FIG. 11. 

[FIG. 15] 

A view showing the arrangement of strain gauges 
provided on a surface of a first member of a strain gauge 
type sensor unit according to a seventh embodiment of the 
present invention . 

[FIG. 16] 

A cross-sectional view of a prior art strain gauge 
type sensor. 
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[FIG. 17] 

An upper view of the strain gauge type sensor of 
FIG. 16. 

[FIG. 18A] 

A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 16. 
[FIG. 18B] 

A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 16. 
[FIG. 18C] 

A circuit diagram showing an example of a bridge 
circuit of the strain gauge type sensor of FIG. 16. 
[FIG. 19] 

A cross-sectional view showing a state of the 
strain gauge type sensor of FIG. 16 when an X-axial 
positive force is applied to a force receiving portion of 
the strain gauge type sensor. 



Description of Reference Numerals 
[0149] 

I, 2, 3, 4, 5, 104 to 107, 204 to 206: strain gauge 
type sensor 

10, 20, 30, 40, 50: strain generation body 

II, 21, 31, 41, 51: force receiving portion 
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12, 22, 32, 42, 52: fixed portion 

13, 23, 33, 43, 53: interconnecting portion 
17 to 19: bridge circuit 

100, 200: strain gauge type sensor unit 

101, 201: first member 
102: second member 

15, 16, 45, 46, 55, 56: diaphragm 

Rll to R34, Rill to R148, R211 to R238: strain 
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